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Abstract—A fingerprint recognition method based on Gabor

wavelet transform and discrete cosine transform (DCT) was
proposed. The multichannel Gabor filters and improved
binarization algorithm are adopted to enhance the fingerprint
images. The hybrid strategy of the discrete cosine transform
method and the Gabor wavelet transform algorithm was
proposed to form an improved Gabor wavelet transform
applied to the fingerprint feature extraction and feature
reduction. Finally, the nearest neighbor distance detector and
Euclidean distance are used as classifier to classify the
fingerprint. The results of simulation experiments prove that
the proposed strategy can effectively shorten the recognition
time and maintain a considerable recognition rate.

Index Terms—fingerprint recognition, gabor wavelet
transform, discrete cosine transform;

I. INTRODUCTION
N 1892, Sir Francis Galton of England carried out a

systematic study on fingerprints and firstly proposed the
uniqueness of fingerprint characteristics. Because its
uniqueness, fingerprints can be used as identification code.
This code cost is almost zero, and the safety factor is high for
life. Therefore, the fingerprint recognition is also an
important direction of biometric identification [1]. The
fingerprint recognition [2-5] mainly includes four stages:
fingerprint enhancement [6] (it also known as the fingerprint
image prepossessing [7]), fingerprint feature extraction [8-9],
fingerprint image classification and compression [10] (in the
case of large data), and fingerprint image matching [11-12].
For the grayscale fingerprint image, the ridge line and

valley line can be considered as sine wave shape in local
small neighborhood with certain frequency and direction [13].
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This feature makes the Gabor filter suitable to enhance the
fingerprint images [14-15]. Vutipong et al. used a series of
independent Gabor filters to enhance the fingerprint image,
which is about 2.6 times faster than the traditional Gabor
filter. Sherlock et al. proposed a directional filtering
algorithm based on frequency domain. Other fingerprint
enhancement methods include frequency domain
enhancement algorithm based on Fourier transform [16-17],
knowledge based fingerprint image enhancement algorithm,
which uses the image structure information to guide the
image enhancement process [18], the nonlinear diffusion
model and its filtering method in texture analysis mode
[19-20] and edge extraction [21], the multi-scale filtering,
which is introduced of multi-scale space theory in fingerprint
enhancement [22]. Fingerprint characteristics includes the
overall characteristics and local characteristics. The overall
features include: singular point features, type characteristics
and spectrum characteristics. Local features include detail
point features, sweat pores, texture features and so on. The
fingerprint classification techniques mainly include rules,
syntax, structure, statistics, neural network, and multiple
classifiers, etc. Fingerprint matching algorithms mainly
include the fingerprint matching algorithm based on string
matching algorithm, the matching algorithm based on the
details of the distance, the matching algorithm based on
triangle structure, matching algorithm based on topology, the
matching algorithm based on point pattern [23-24], etc.
In this paper, the fingerprint images are enhanced by

Gabor filter. This Gabor filter can adaptively adjust various
parameters according to different blocks of fingerprints. In
fact, the multi-channel Gabor filters with different parameters
are used to enhance the fingerprint image, then the enhanced
image is refined. The Gabor wavelet filter is used to extract
the fingerprint feature again, and the feature dimension
reduction is carried out by the DCT method. Finally, the
nearest neighbor classifier and the Euclidean distance are
used to classify and identify the pictures.

II. FINGERPRINT ENHANCEMENT

A. Fingerprint Normalization Processing
As the fingerprint collection device itself or the pressure of

the finger is uneven, the fingerprint image will change too
much in the direction of the ridge or valley. Therefore it is
necessary to normalize the fingerprint image. The purpose of
fingerprint image normalization is to reduce the degree of
gray change along the ridge line and valley direction, without
changing the clear contrast of the ridge line and the grain
structure. The fingerprint image is � . � and � are width and
height, respectively. �espec means the the grayscale value at s
th line and e th column. �e�c is the average of grays and
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�　�e�c represents the standard deviation, which can be
expressed as:
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After normalization, the fingerprint image can be
expressed as follows:
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The above method in this paper is simplified as:

VAR
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The images in the CASIA fingerprint library is adopted to
carry out this experiment. The result of the fingerprint
normalization experiment is shown in Fig. 1 and Fig. 2.

B. Fingerprint Direction Field
The orientation diagram is actually a transformation of the

original fingerprint image, which means the direction of the
grain line in a certain direction of the line. The Gabor filters
are used to enhance the fingerprint images according to the
direction diagram, so the direction of the calculation is
crucial.

Fig. 1 Traditional methods normalization.

Fig. 2 Simplified normalization.

In this paper, the direction graph is solved by the method of
shaving operator. The detailed algorithm is described as
follows.
Step 1: The fingerprint image � is divided into blocks,

whose size is �×� .
Step 2: The gradient ��espec and ��espec of its pixels for

each block are calculated based on the following equations.
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where, �� and �� represent the Soble operator.
Step 3: According to the Eq. (5) and (6), the gradient value

gives the block direction.
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If   0, jiVx ，       jiVjiVji xy ,,arctan
2
1,  (9)

If   0, jiVx ，   2,  ji (10)

Repeat Step 3 and 3 until all the directions of the blocks are
calculated.
Step 4: Smooth the direction graph. Because the trend of

the fingerprint lines tends to continuous changes, the adjacent
direction should not have a sudden turning point. So it needs
to smooth the direction graph.
Set � as 10, 15, 20, and 30, respectively. The calculated

direction graphs for different� are shown in Fig. 3.

(a) W=10

(b) W=10
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(c) W=10

(d) W=10

Fig. 3 Direction field of fingerprint.

III. IMPROVED BINARIZATION ALGORITHM BASED ON
ORIENTATION AND FREQUENCY

A. Fingerprint Normalization Processing
The most gradual change in the grey degree of the

fingerprint image is the direction of the grain line, while the
gradient direction is the opposite, which is the fastest
changing direction of gray value. With the direction of the
grain line as the normal direction and the gray value of each
pixel in the direction of the normal line, the waveform of the
approximate sine wave can be obtained. Because of this
feature of fingerprint images, the Gabor filter can be used to
process the fingerprint image, and this filter needs to
determine three parameters: the central frequency of the filter,
the direction of the filter, and the standard deviation of the
Gaussian function σ� and σ� . For the traditional Gabor filter,
its parameters are set according to experiences, but for the
fingerprint images with different properties, they will not be
able to get very good filtering effect, so it is necessary to
make improvements on them.
The size of sub-blocks of fingerprint images is 20 × 20 ,

and the direction of this fingerprint image block is selected as
the direction of the window, whose center is point espec and
size is � × � (in this paper, � = 20 and � =5). The specific
calculation equations are shown as follows.
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If there is no singularity in the direction window, � t h�a
will form a discrete sinusoidal wave, and the sinusoidal
frequency is the same as that of the local fingerprint ridge, so
the ridged frequency can be obtained from it. At this point the
number of pixels between two peaks in the waveform figure,
whose frequency is the reciprocal of the sum of the numbers
of pixels. � t espec is the the average number of pixels
between two consecutive peak, so the frequency is � spe t
�t�espec. If there is no continuous spike, the frequency is set
as -1 for be distinguished with other effective frequencies.
The operation is carried out on each small piece in the

fingerprint image. If the value of the block is not -1, the
original value of the block is kept unchanged. If the value of
the block is -1, it is necessary to calculate the block with
interpolation method, which can be expressed as follows:
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In the neighborhood, the distance between the lines varies
slowly, that to say the local line frequency changes slowly, so
the low-pass filtering can be carried out. At this point, the
Gabor filter is chosen for filtering. Since it is an improved
filter, a constant coefficient is adopted for the standard
deviation σ� and σ� shown in Eq. (16) and Eq. (17).

 jik xx , (16)

 jik yy , (17)

where, � is the frequency of the ridges.
In this way, a standard deviation is obtained to expressing

the image changes locally, which is good for filtering. The
standard deviation needs to be carefully configured. It cannot
be too large or too small. Too large standard deviation will
general create the pseudo-feature points and too small
standard deviation will make filter not easy. In this paper, the
values of �� and �� are 0.5.
In the traditional Gabor filter algorithm, the width and

height of the filter are also set to fixed values. Therefore, it is
necessary to improve it so that it can change with the local
image of the fingerprint. Establish a relationship as follows:

xxw 6 (18)

yyw 6 (19)

where, �� is the width of the filter and �� is the height of the
filter. In this way, the size of the filter is associated with the
local frequency. For each region, the designed Gabor filter is
different.
Through the above series of derivation and settings, the

standard deviation and size of filter have been set, and the
frequency of the ridge line has also been derived. So the
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fingerprint images are filtered by:
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where, � t espec is the filtered image, � t espec is the
frequency in corresponding to pixel points, � t espec is the
ridge frequency of point espec in �� × �� range, and �espec is
the fingerprint image after normalization.
In addition, the Gabor filter is a single channel. The filtered

result is shown in Fig. 4 to Fig. 7. It can be seen from Fig. 5
that the ridge frequency diagram reflects the ridge spacing of
the fingerprint. Seen from Fig. 6, the direction of the detected
ridge line is correct. Fig. 7 shows the outline of the outer
edge of the fingerprint. The texture of the fingerprint image
obtained after filtering is also very clear, which indicates that
the filtering effect is considerable.

filter

Fig. 4 Gabor filter.

Fig. 5 Ridge frequency.

Fig. 6 Degree of reiability.

Fig. 7 Filtered image.

After obtaining the filtered fingerprint images, the binary
processing is carried out on therm. The binarization of the
images refers to the change of gray image to two values by
setting the threshold (0 and 255). The binary image
represents the target and background of the image. For the
fingerprint images, the binarization is to make the image
background and the valley line 255, and the gray value of the
image ridge line is 0. Suppose the ridge line direction in point
espec is �espec . The average value of the pixels in one small
block whose direction is with �espec as the center is � , and
the line of the ridged line has a vertical direction of ��espec.
The average value of pixels in a small block centered at this
point ��espec is �� . While the urine of � and �� can be
binary to the fingerprint image, which can be expressed as
below:
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Seen from the above figures, when � R �� , it can be
determined that this point is above the valley line or
background, and its pixel is 255, which is set as white; When
���� , it can be determined that this point is above the
ridged line and its pixels are set to 0, which is also called
black. The result of binary experiment is shown in Fig. 8.

It can be seen from Fig. 8 that the fingerprint image is
binarized with the improved Gabor filter. The outline of the
fingerprint is clear, the original image is preserved, and the
distortion is not distorted. After binarization, a further
refinement is carried out and the processing result shown in
Fig.9.

Fig. 8 Binaryzation.

Fig. 9 Fingerprint thinning.
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IV. FINGERPRINT RECOGNITION METHOD BASED ON
IMPROVED GABORWAVELET

A. Gabor Wavelet Transform
The essence of Gabor wavelet transform is actually the

wavelet transform based on Gabor function, which can be
used to analyze the images in various ways. The main
principle of Gabor wavelet transform is described as follows.
The Gabor function itself constitutes an unorthogonal basis,
and a relatively localized frequency description can be
obtained with a given base function and its expansion. For
this reason, the Gabor function wavelet transform method can
be used to extract the fingerprint image features. That is to
say that a set of filters with different scales are used to obtain
the local characteristics of different scale images.
The two-dimensional Gabor function expression is shown

as follows:
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Suppose �e�p�c as a basis function, and expand e�p�c .
This process is to do a certain degree of rotation and scaling
expansion transform so as to obtain the Gabor wavelet,
whose specific expression is shown as:

   ''
, ,, yxGayxg m
nm

 , 1a , Znm , (23)

where,     cossin,sincos, '' yxyxayx m   , �
represents the number of directions, and ��� is the scale
factor.
By changing� and � , a set of Gabor wavelet filters with

different directions and scales can be obtained. However, the
obtained wavelet clusters are non-orthogonal to each other.
When using it to filter the images, there will be a lot of
redundant information. Therefore, when using Gabor wavelet
filter to extract fingerprint features, the most crucial step is
how to design these parameters of the function. If the
parameter is designed reasonably, the redundant information
of the image can be made the smallest or the best.
�� is the minimum frequency of filter center, �� is the

maximum frequency of filter center frequency, � is the
number of Gabor wavelet filter directions and � is the Gabor
wavelet filter scale. By using the formula �� t ������ , the
scale parameter can be calculated by:
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Eq. (25) can be derived from Eq. (22).
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Because the half amplitude of the Gaussian function of the

standard variance δ is σ 2��2, the corresponding maximum
filter half amplitude is ����� t σ� 2��2 . This equation is
fed into Eq. (24) and (25) to obtain:
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According to the existing knowledge, the tangent angle of
two adjacent ellipses is � t �t� , so there is:
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2
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In the equation of � , the condition that it can have real
solutions is described as follows.
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Eq. (30) can be obtained from Eq. (28) and Eq. (29).
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After the above derivation, the relationship between the
various parameters of the Gabor wavelet filter is very obvious.
As long as determine these five parameters (�, � ，� , ��
and �� ), other parameters are able to be calculated out easily.
Because the extracted fingerprints are carried out the polar
transformation, it makes the Gabor filter have the symmetry.
So in the direction of the h0p�a , the filter can be completely
described in the h0p2�a direction of the fingerprint
information. In this paper, five different frequencies of Gabor
wavelet filter (�, �t 2，�t2 , �t2 2 and�td) and eight
different directions (�td, 3�tt，�t2 , 5�tt, 3�td, ��tt, 0
and �tt) are taken. The extracted features are shown in Fig.
10 and Fig. 11.

B. Two-dimensional Discrete Cosine Transform (2D DCT)
The two-dimensional discrete cosine transform is defined

as follows:
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where, �e�p�c represents the image space matrix, e�p�c is the
current image pixel location, and Fe�p�c is the transformation
coefficient matrix e�p� t �p2p�pt� �c . The
two-dimensional discrete transformation is actually to carry
out one-dimensional discrete transformations twice. The
effect of DCT transformation is shown in Fig. 12.

Fig. 10 Real part features.

Fig. 11 Imaginary part features.

(a) Original image

 

 

-10

-5

0

5

10

(b) Transformed image

Fig. 12 DCT transform effect.

It can be seen from Fig. 12 that the energy of the
transformed DCT coefficients is mainly concentrated in the
upper left corner, and the rest of the coefficients are close to
zero. This shows that DCT is suitable for the image
compression. After the transformation, the DCT coefficient
will be limited to the threshold operation, which will be set as
zero less than the a certain coefficient. This is the
quantization process in image compression, and then the
inverse DCT operation will be performed to get the
compressed image. In the same way, if the image of Gabor
filter is processed with 2D DCT, the effect is shown in Fig.
13.
After carrying out the 2D DCT processing, most of the

image energy is focused on the DC part, that is to say it is
located in the upper left part of Fig. 13, which can get rid of
the correlation between the images well, make the image
coding easier and facilitate the feature extraction on the
images. Thus, a small amount of information in the upper left
corner need be extracted as an effective information for the
images, which will greatly compress the images. This is the
dimension reduction principle of DCT.

C. Fingerprint Recognition Based on Improved Gabor
Wavelet
Seen from the principle of the Gabor wavelet, the Gabor

filter can deal with each pixel of the whole image, which will
make the Gabor filter recognition rate higher.

Fig. 13 DCT processing after filtering.
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But because not every pixel is a feature point of the image
and the feature points occupy only a small part of the image
pixels, the Gabor filter has done a great deal of useless work
so that the recognition time greatly increases. When using the
Gabor filter, how to reduce the recognition time must be
considered.
After 2D DCT image processing, the image is mainly

concentrated in the DC part. If using 2D DCT for carrying out
the image processing firstly, a few parts in the top left corner
of the capture image can remove a lot of useless information,
and leave behind the main information, which thereby greatly
reduces the workload of Gabor filter and the recognition time.
So 2D DCT can partially remove the correlation between
images, and it is helpful to improve the recognition rate.
In this paper, the idea of improving the Gabor wavelet

filter is to process the image through 2D DCT firstly, and
capture a few parts of the upper left corner to effectively
compress the image. Then the Gabor wavelet is adopted to
realize the feature extraction. Thus, the recognition time and
the recognition rate are greatly improved to some extent.

V. FINGERPRINT IDENTIFICATION CLASSIFICATION

A. Minimum Distance Classifier
The minimum distance classifier is one of the most

commonly used distance classifier. The class centers of
known samples (that is class average) are calculated firstly.
Then the unknown samples are classified to the class center
with the nearest distance in the class.
In an �-dimensional space, we define 　 is the name of a

category, �　 is the feature set of sample 　 , �　� is the feature
set of the � th dimension of category 　 , �　 is the mean of 　 ,
and �　� is the mean of the � th dimensional feature set. The
minimum distance taxonomy firstly calculates the mean �　 t
e�　�p�　2p�　3p�p�　�c of each known category �　 t
e�　�p�　2p�　3p�p�　�c in each dimension. Similarly, the mean
�� t e���p��2p��3p�p���c of another category �� t
e���p��2p��3p�p���c is calculated, and then the
distance（�p�　）and �（�p��） of � to �　 and �� are
computed separately.

B. Distance of Classifier
After the characteristic extraction process, the fingerprint

samples finally form the characteristic space composed of
these eigenvectors. Therefore, how to calculate the similarity
between samples can be realized by calculating distance or
Angle. Given vector and , the common similarity measures
include:

1) Euclidean distance

   



n

i
ii yxyxyxd

1

2, (35)

2) Block distance
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
n

i
ii yxyxd

1
, (36)

3) Marchwood distance

     yxCyxyxd T  1, (37)

where, � is the covariance matrix of the pattern, and it can be
simplified as:
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
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i i

ii yxyxd
1

,
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where λ� is the variance of the sth component.

4) Angle cosine
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In this article, the Euclidean distance is selected as the
classifier.

VI. SIMULATION EXPERIMENTS AND RESULTS ANALYSIS

Experimental environment: Windows 10-64 bit operating
system, Intel(R) Core i5 7th Gen processor, system memory
8G, MATLAB R2016a simulation software. 20 training
samples from different ten people are selected, that is to say
that two fingerprint images belonging to same finger for each
person are adopted, but they are slightly different in
appearance. These 20 images are numbered between 1 to 20.
10 fingerprint images in corresponding to the training
samples are selected as test samples, which are numbered
between 1 to 10. The test sample 1 corresponds to the training
sample 1 and 2, that is to say that the serial numbers of the
test sample and training samples are belonging to the same
fingerprints with different forms. And so on, the test sample
10 corresponds to the training sample 9 and 10. The
correspondence between training and test samples is shown
in Fig. 14 and simulation results are shown in Fig. 15 and Fig.
16.

Fig. 14 Correspondence between training and test samples.

Fig. 15 Recognition results.
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Fig. 16 Comparison of recognition time.

VII. CONCLUSIONS
Fingerprint identification is an important biometric

identification and has wide application. In the whole process
of identification, the enhancement of fingerprint is also
crucial. Because the collected fingerprint images have noisy
or other interference factors, an improved Gabor filter is
adopted to realize the acquisition of fingerprint image
enhancement. The improved filter can match the standard
deviation and the filter size according to the different blocks,
that is actually to use a lot of different filter to filter the
images. In the process of feature extraction, the Gabor
wavelet filter with five frequencies and eight channels are
adopted to realize the feature extraction of enhanced
fingerprint images without using the traditional detail points
as characteristics. The final recognition phase utilizes the
correlation of the feature space, and the experimental results
prove the effectiveness of the proposed strategy.
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